Introduction
Brain tumours form a group of neoplasms with distinct histological characteristics and different malignancies [Maher 2001 ]. Various molecular alterations occurring in brain tumors may have diagnostic and predictive values as they are connected with histologically determined tumour types and malignancy grades [Martinez et al. 2009; Martinez and Esteller 2010; Sciume et al. 2010] . Methylation of DNA cytosine residue at the carbon 5 position (m 5 C) is a common epigenetic marker in many eukaryotes and is often found in the sequence context of CpG. It is assumed that ca 5% of all cytosine residues, i.e. 1% of the nucleic bases, in mammalian genomes are methylated. Although DNA methylation has been viewed as a stable epigenetic mark, studies in the past decade have revealed that this modification is not as static [Wu and Zhang 2010] . In fact, loss of DNA methylation (DNA hypomethylation), has been observed in the specific context and can occur through active, passive or random modification mechanisms. Although the genome in each cell within the body is identical, cell-and tissue-specific profiles of gene transcription, posttranscriptional modification, modifications and translation are specifically regulated by epigenetic mechanisms that include DNA methylation, histone modification and noncoding RNAs [Robertson 2005 ]. In the central nervous system epigenetic mechanisms serve as main regulators of homeostasis and plasticity development, which are sensitive to local and global environmental, vascular and systemic factors [Martinez and Esteller 2010] . It is generally accepted that cancer initiation and progression are linked to the disruption of red-ox balance of the cell [Grek and Tew 2010] . Current evidences support an idea that cancer cells are generated by enhanced reactive oxygen species (ROS) generation, their accumulation, and down regulation of antioxidant enzymes [Essick and Sam 2010] . The oxidative damage to the cell caused by ROS plays a critical role in the etiology and progression of different neoplasms in humans [Johnstone and Baylin 2010; Jomova and Valko 2011] . Oxygen radicals cause damage to DNA and chromosomes, induce epigenetic alterations, interact with oncogenes or tumour suppressor genes, and finally change the immunological mechanisms [Robertson 2005; Pelizzola and Ecker 2010] . 5-methylcytosine (m 5 C), along with other DNA constituents and the cell components, are targets for ROS, of which the most reactive species is the hydroxyl radical (•OH). Hydroxyl radical causes a wide range of DNA lesions including base modifications, deletions and strands breakage. Radical oxidation of m 5 C leads to its modification including demethylation and deamination (Fig. 1) . It results in decreasing the global (genomic) m 5 C content in cellular DNA (hypomethylation). Therefore DNA methylation (m 5 C status) is a sensitive marker of the neoplasm formation effected by the oxidative damage reactions and very characteristic for cancer cells [Robertson 2005 ]. Measurements of m 5 C in DNA can be done either by analysing the pattern of methylated target sequences along individual DNA molecules or as an average methylation level at a single genomic locus across many DNA molecules [Rao and Balachandran 2002] . One should remember that 5% of m 5 C deaminates to thymine under moderately acidic conditions and 2-5% is converted to thymine during the standard overnight incubation with sodium bisulfite [Wu and Zhang 2010] . One can also measure the global DNA methylation changes [Li et al. 2009; Pelizzola and Ecker 2010] . To investigate whether hypomethylation has a causal role in tumour formation, we have analyzed the level of m 5 C in DNA of human brain tumour tissues using twodimensional thin layer chromatography (TLC) analysis of [ 32 P] postlabelled DNA components. We have found a correlation of m 5 C global content in DNA of tumour tissues with their malignancy. We have shown that as m 5 C amount decreases, the tumour grade of malignancy increases. The elaborated method has a practical application potential in the clinical diagnostics and also as the DNA quality test. [Louis et al. 2007] . Informed consent for samples and data analysis was obtained from each patient.
Materials and methods

Patients
Isolation of DNA from brain tumor tissue
DNA was isolated from tumour tissue according to the method described earlier [Miller et al. 1988] or with a commercial kit (A&A Biotechnology, Poland).
DNA hydrolysis, labeling and analysis
Dried DNA (1 µg) was digested with 0.02 U of micrococcal nuclease (MN) and 0.001 U spleen phosphodiesterase II (SPD) to mononucleotides (Np) in 50 mM succinate buffer pH 6 containing 10 mM CaCl 2 in 3.5 µl total volume for 5 h at 37 o C. Mononucleotides (0.17 μg) were labelled with 0.1 µCi [γ-32 P] ATP (6000 Ci mmol -1 , USB) and T4 polynucleotide kinase (1.5 U ) in 3 µl of 10 mM bicine-NaOH pH 9.7 buffer containing 10 mM MgCl 2 , 10 mM dithiothreitol and 1 mM spermidine for 30 min at 37 o C. To remove inorganic phosphate (PPi) 3 µl (10 U ml -1 ) of apyrase (Sigma) in the same 10 mM bicine-NaOH buffer pH 9.7 was added and incubation was continued for 30 min. Finally the 3' phosphate was cleaved off with 0.2 µg RNase P1 in 500 mM ammonium acetate buffer pH 4.5 [Barciszewska 2007 ].
Separation of [γ-32 P]m 5 C from other nucleotides was performed with thin layer chromatography (TLC) on cellulose plates (Merck) using isobutyric acid:NH 4 OH:H 2 O (66:1:17 vol/vol) in the first dimension and 0.1 M sodium phosphate pH 6.8 -ammonium sulfate -n-propanol (100 ml/ 60 g/ 2 ml) in the second dimension. The chromatogram was analyzed with Phosphoimager using Image Quant Software. The amount of m 5 C was calculated as of the spot intensities ratio of [m 5 C/(m 5 C+C+T)] ×100 and expressed as R coefficient. The analysis was repeated 3 times for each probe and results were evaluated.
Results and discussion
Low level of some reactive oxygen species (ROS) as superoxide, hydroxyl radical or hydrogen peroxide can enhance cellular survival and stimulate proliferation. However, when that is a concominant with chronic ROS production, redox homeostasis can become imbalanced and normal cells may undergo transformation [Rao and Balachandran 2002] . In the last years many data have been collected that link cell stress to various diseases including cancer, cardiovascular disease, diabetes and neurodegenerative disorders. Current evidence support the hypothesis that cancer cells are characterized by enhanced ROS generation, increased ROS accumulation and the degradation of antioxidant enzymes. There are many explanations how cellular stress induces a disease. It is known that the cell stress causes genetic and epigenetic changes and results in an altered cellular "memory" that drives diseases pathology [Robertson 2005 ]. The main risk for cancer is a chronic exposure and increasing DNA damage. There is a wealth of data which supports the idea that cancerous cells have aberrant patterns of epigenetic modifications. The best studied epigenetic modification is DNA methylation, which consists of the methyl group at carbon 5 of the cytosine. Methylation of cytosine residues in DNA provides a mechanism for a gene control expression. DNA methylation in promotor region as well as coding sequences inhibits binding of regulatory protein and causes gene silencing [Frigola et al. 2005] . It has been estimated that up to 5% of cytosines are methylated in normal tissues and that this DNA methylation is necessary for controlling gene expression of tissue-specific housekeeping or imprinted genes and for maintaining genomic stability through silencing transposable elements of the genome. Genomic DNA can undergo changes not only in the sequence level but also by the addition or removal of chemical groups. Aberrant DNA methylation, appeared as either hyper-, or hypomethylation, is associated with changes in the phenotype of various diseases including brain tumours [Frigola et al. 2005] . The brain and other points of the nervous system are particularly vulnerable to the free radical damage for a number of reasons. The membrane lipids in brain contain high level of polyunsaturated fatty acid side chains, which are prone to free radical damage. Brain also takes up large quantities of oxygen contributing to the formation of reactive oxygen species. At the same time brain contains low level of antioxidant enzymes such as catalase, superoxide dismutase and glutathione peroxidase. Presence of iron, copper and manganese in the brain contribute significantly to the production of a highly reactive and very short living ROS via Fenton reaction [Kehrer 2000; Essick and Sam 2010] . Free radicals, and •OH in particular, cause damaging of DNA, proteins and lipids. They include for example 8-hydroxy-2-deoxyguanosine, 4-hydroxy-2-nonenal and others [Fraga et al. 2002; Tudek et al. 2010] .
Gliomas are the most common primary tumours affecting the human central nervous system (CNS). They are classified in accordance with their histopatological features and clinical presentation. The most abundance gliomas are astrocytomas, oligodendrogliomas and oligoastrocytomas [Louis et al. 2007 ]. Astrocytomas occur with an incidence of 80-85% of all gliomas and glioblastoma multiforme (GBM) represent the most frequent malignant primary brain tumours. Various genes with frequent tumour related promoter hypermethylation have been identified in glioma [Martinez and Esteller 2010] . Gene regulation in tumours by promoter methylation has been established [Robertson 2005 ]. It has a prognostic and predictive potential in cancers. Therefore one can expect DNA methylation analysis to become an important diagnostic tool for many types of cancer. Oxidative stress from aberrant accumulation of ROS over time can damage of proteins, lipids and nucleic acids and forms the molecular basis of free-radical background of cancer. It is well established that the oxidative stress is linked directly to cancer [Essick and Sam 2010; Grek and Tew 2010; Johnstone and Baylin 2010] . Although ROS modification to DNA has been broadly discussed in the past, its activity towards 5-methylcytosine, a main epigenetic marker, causing DNA demethylation has been overlooked for a long time [Berdasco and Esteller 2010] . Although DNA methylation has been recognized as a stable epigenetic mark, recently many data on loss of DNA methylation (DNA demethylation) has been collected. It can be that DNA demethylation is an active, enzymatic or chemical process of the methyl group removal through breaking a carbon-carbon bond. Genome-wide and gene-specific demethylation events are observed [Trewick et al. 2002; Martinez et al. 2009; Martinez and Esteller 2010] . The first occurs at specific times during early development, whereas the latter occurs in somatic cells responding to specific signals. Many enzymes and various mechanisms have been proposed to carry out active DNA demethylation [Wu and Zhang 2010] . They include base m 5 C excision repair, deamination of m 5 C to T, nucleotide excision repair, oxidative demethylation and radical Sadenosylmethionine-based demethylation [Wu and Zhang 2010; Klug et al. 2010] . In addition to that, it is also possible for DNA to be demethylated randomly with very active hydroxyl radical [Kehrer 2000] . It is known that DNA molecule is subjected to a broad range of free radicals and oxidative injuries in vivo [Ulrey et al. 2005] . The oxidation reaction of with -CH 3 group of m 5 C hydroxyl radical causes spontaneous demethylation or deamination leading to C or T, respectively (Fig. 1) . The demethylation of m 5 C proceeds through 5-hydroxymethylcytosine intermediate [Guo et al. 2011] . The mechanism of this reaction is similar to that of radical SAM [Wu and Zhang 2010] . Imbalance of red-ox state in tumor cells affects the genomic methylation patterns what can be used to distinguish cancerous from normal brain cells, and to find correlations with their pathological features [Bart et al. 2005] . There are evidences which support the existence of DNA demethylation in vertebrate cells, although the mechanism of that process is not clear [Wu and Zhang 2010] . A low amount of m 5 C in human DNA and a limited availability of brain tumour tissues, prompted us to look for a new and suitable method of m 5 C determination with diagnostic potential. We have applied a nucleic acid postlabelling approach with [γ-32 P]-ATP and T4 polynucleotide kinase (T4 PNK) to analyze DNA components with the thin layer two dimensional chromatography (TLC) and particularly for a quantitative assessment of the modified nucleotides (Fig. 2) . It seems that deamination and demethylation of m 5 C effected with hydroxyl radical oxidation, leads to thymine (T) and cytosine (C) formation, respectively (Fig. 1) . These bases obtained from m 5 C are naturally occurring in DNA and therefore we included them in the equation: R= [m 5 C/ (m 5 C+C+T)] ×100, for m 5 C assessment. In this way R represents the amount of m 5 C in relation to all pyrimidines (basic bases) present in DNA. We assume R as global methylation coefficient. Before we began the analysis of m 5 C in human brain tumours DNA, we have checked the effect of tissue samples handling on the assignment of m 5 C. Tumour tissues were resected and handled in three different conditions. For the same tissue sample, one part was freshly frozen (FF), immediately put on dry ice, the other was formalin-fixed, paraffin embedded (FFPE) and the third one was stored for 3 hrs at room temperature on the bench. For DNA isolation, the tissue from FFPE was recovered as described previously [Sanchez-Navarro et al. 2010] . DNA isolated from all differently treated tissue samples showed changes in global amount of m 5 C (Fig. 3) . It is known that the development of molecular tests for clinical use has been limited by the lack of good available clinical samples for validation of candidate biomarkers. FF samples are difficult to collect and store for large scale studies, but FFPE samples on the other hand are stable at room temperature and easily to store. However the last approach has some disadvantages. Recently, it has been shown that RNA isolated from FFPE is a poor material for gene expression analysis due to its deep degradation [Farragher et al. 2006; SanchezNavarro et al. 2010] .
Formalin fixation and paraffin embedding is the most commonly used method worldwide for tissue storage. This method preserves the tissue integrity but causes extensive damage to nucleic acids within the tissue. There is a huge resource of FFPE tissues specimens held in histopathology departments around the world. The samples provide an invaluable resource for studying the molecular basis of disease, making it possible to perform large retrospective studies correlation molecular features with therapeutic response and clinical out come [Farragher et al. 2008] . We have clearly showed that DNA in FFPE samples is degraded (Fig. 3) and observed significant demethylation in cellular DNA is due to oxidative damage [Tudek et al. 2010 ]. The highest DNA methylation level we observed for DNA isolated from fresh frozen tissues. The majority of studies to date have used high quality RNA from FF samples, however those studies have been restricted due to the small number of samples [Farragher et al. 2008] . Significantly lower amount of m 5 C was observed for FFPE tissues and severe hypomethylation for DNA from the cells stored at room temperature. One can conclude that m 5 C demethylation is effected by cellular oxidative damage which is reduced by deep freezing of a tissue sample immediately after tumor resection. A cellular damage occurring during embedding in paraffin, which includes heating up step in liquid paraffin, significantly stimulates demethylation has been observed earlier [Barciszewska et al. 2006; Blow 2007] . One can conclude that the decrease of DNA m 5 C is a consequence of severe DNA oxidation including m 5 C with •OH. The goal of our studies was to understand the biology of malignant gliomas on the level that leads to the development of new diagnostic method. The biggest group included patients of 41-70 years old. The highest ratio of patients at the time of diagnosis showed a group aged 51-60 years. The median age of patients at the time of diagnosis was 53.4±13.2 years (Fig. 4) . To correlate human brain tumours malignancy established with pathomorphological analysis with global DNA methylation, we have analyzed the genomic m 5 C content in DNA from human brain tissues of different gliomas. (Fig. 5 , Table 1 Human tumours often display genome-wide DNA hypomethylation, which promotes cancer through the effect on chromosomal stability [Gaudet et al. 2003; Eden 2003; Yamada et al. 2005; Nishiyama et al. 2005] .
One can see that m 5 C content in different human brain tumours varies very much (Fig. 5 , Table 1 ). It is known that hydroxylation of m 5 C promotes active DNA demethylation in the adult brain [Guo et al. 2011] . Analysis patients' groups with high grade glioma shows that m 5 C content (R) decrease as malignancy increases (Fig. 6) . The most abundant are gliomas astrocytomas, oligodendrogliomas or tumours with morphological features of both astrocytes and oligodendrocytas called oligoastrocytomas (Table 1 ). The histological classification is followed by grading (from I to IV) which expresses the tumour malignancy with IV being the most malignant. Astrocytic tumours are subsequently graded with I (pilocytic astrocytoma), II e.g. diffuse astrocytoma, III (anaplastic astrocytoma) and IV (glioblastoma multiforme). Oligodendrogliomas and astrocytomas are graded furthermore as with grade II or III (anaplastic). The highest DNA demethylation is observed for glioblastoma multiforme (Fig. 6) . These results are in agreement with previous observations done for a smaller group of patients [Zukiel 2004] . Importantly these data are supported by others, showed that primary glioblastoma and established glioma cell lines show significant reduction of m 5 C content compared with normal brain tissue [Cadieux et al. 2006] . Furthermore one can see that grade III shows R in the range 1 -1.2, but for WHO IV R coefficient is below 0.5 (Fig. 6 ). This is the lowest level of DNA methylation observed ever, not only for high grade gliomas. Because the correlation of m 5 C content (R) and WHO grade is linear (Fig. 6) , therefore R can be used as a probe of tumorgenesis. One can clearly see that the global DNA methylation analysis easily differentiate low and high grade tumours as well as metastatic (Fig. 7) . Different relations occur for meningeomas (Fig. 8, Table 2 ). The DNA methylation in meningiomas is on very similar level. The R value is between 0.86 and 1.59. It means that red-ox processes in these tumour cells are not so intensive. If so, one can ask whether genomic methylation level can be a good diagnostic marker for the early tumour detection in the clinical practice [Hatada et al. 2006] . We have found that the extent of DNA demethylation process is different and specific for various diseases (Fig.  9) . The lowest level of DNA methylation is observed for very aggressive tumours like glioblastoma and anaplastic astrocytoma. On the other hand methylation of DNA in colorectal cancer or pilocytic astrocytoma is higher. One can also see different m 5 C content in DNA from blood of patients with other diseases. It means that the global methylation analysis can be used as diagnostic tool Lavon et al. 2010] This method of nucleic acid compounds analysis can be also used as a quality control test of DNA. Currently for DNA isolation from different tissues, various isolation kits are used. Usually such material is good for cloning and enzymatic analysis However for molecular characteristic DNA should be RNA free. A contamination with RNA can be easily established with our method. Mechanisms of regulation of DNA methylation are an important question, which has elicited much attention over the past decade. Recently many ideas have been proposed for mechanism of DNA demethylation. In addition to that, we have proposed a genomic one effected with hydroxyl radical oxidative damage. It turned out that the global methylation level of DNA provides information on grade cancer and progress of a disease.
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